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A detailed knowledge of the hound and quasibound
vihrational-rotational levels of diatomic molecules is
necessary for an understanding of many physical and
chemical propertics of gases.'™* In this respect, there is
considerable interest in the ground (X 'Z,%) state of
meolecular hydrogen because of the accurate ab initio
potential which Kolos and Wolniewicz (KW)* have
calculated for it® Waech and Rernstein® previously
computed the energles of all the vibrational-rotational
levels of ground-state I, from the KW potential*
However, they used only the clamped-nuclei (Born-
Oppenheimer) potential and omitted both the diagonal
correction for nuclear motion (adiabatic correction)
and the refativistic correction, In addition, they used
the reduced mass of the stoms rather than that of the
nucleif which is inconsistent with the Born-Oppen-
heimer and adiabatic approximations.? Because of the
interest in this system,'? it is appropriate to conduct a
more thorough study of the properties of the bound
and quasibound levels of the hydrogen isotopes, using
the KW potential with its rclativistic and adiabatic
corrections® and the nuclear reduced mass.

The eigenvalucs and the expectation values of R, R,
R and kinetic energy have heen calculated for all the
hound and quasibound levels of ground-state Ha, HL},
and T.® The level widths I' were computed for all
quasibounds for which 0.05<T" £100 cm™™. The heights
and positions of the centrifugal barrier maxima were
also determined.’® ‘The methods of utilizing the ab initio
potential and of solving the radial Schridinger equation
are described in Ref. (8)4; the physical constants were
those of Ref. 12.% Quasibound levels with very small
widthe 1'<0.05 om™ were located using the Airy-
function houndary condition method,* while the broad
quasibounds lying near the centrifugal barrier maxima

were placed at the peaks of the internal amplitude
functions, and hence correspond to the spectroscopically
observed level positions.? On the other hand, the widihs
T were calculated from the height of the resonmance
peaks in the collisional time-delay functions.® The
expectation value { ) of f(R) is defined as

D= [ Vst ErRstr [ [ vest®) Pk,

0

where ¥, (R) is the computed (exact) radial cigen-
function. Lor truly bound levels lying below the
dissociation limit, Ry =« * while for quasibound levels
lying hehind the centrifugal barrier, R is the position
of the barrier maximum for the given J. Of course,
the present choice of Ry for the guasibound levels
Tulso used in Ref. 1{d)}] is not unique. Switching
to an alternate approach of placing R, at the outermost
turning point would measurably change the cxpectation
values calculated for all but the most deeply bound
metastable levels. This suggests that the veported®
expectation values for the quasibound levels have only
semiquantitative significance.”

The results for each property of each isotope are
presented in u form analogous to Tahle TV of Ref. 2.
As expectled, the functional dependence of the expecta-
tion values on » and J is continuous at the dissociation
limit separating bound and quasibound levels. Quasi-
bounds which lie abave the centrifugul barrier maxima
and have widths T 2100 em™ are in general omitted
from the eigenvalue tables. The only exception is the
p=0 level of each isotope, which was followed 1o the
largest J value for which the effective potential still
had a minimum and maximum (this was F=309, 45,
and 56, for Hy, HD, and Dy). For I, HD, and I,
respectively, the KW potential has 301, 399, and 600
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bound levels, and 47, 65, and 96 quasibounds lying
below the barrier maxima.

The results described above were obtained from the
ab inilio potential alone, without empirical or non-
adiabatic corrections, However, in Ref. 8 it was found
that even after taking the theoretical nonadiabatic
correctigns into account, the KW potential still re-
quired small adjustments in order to bring the cal-
culated. vibrational eigenvalucs into agreement with
experithent. The recent improved measurements of the
molecular dissociation energy? show that the better of
the 1wo possible derived corrections® is that labeled
A”. Although not quite optimal, A" is a fair measure of
the direction and magnitude of the small errors in the ab
tnitio potential 3% Thercfore, the H, eigenvalues were
also calculated® for the potential obtained on adding
A" to the KW results. The decper eigenvalucs were
unaffected, but the higher ones are shifted deeper by as
much as a few cm™7,
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